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(54) System for remote monitoring of personnel 

(57) A system for remotely monitoring personnel 
status includes a plurality of sensors (22, 24, 26, 30) 
disposable on a soldier or other person for developing 
signals which may be used to determine the physlolog- 
ical status. The sensors communicate with a soldier unit 
(50) which can process the information to ensure that 
the sensor data falls within acceptable ranges and com- 
municate with remote monitors. The soldier unit also in- 
cludes a global positioning system (70). By using the 
sensor data and the global positioning system, leaders 
and medics can quickly and accurately track and treat 



casualties in battle. The system enables more rapid lo- 
cation of the casualty, as well as remote triage/initial di- 
agnosis, thereby assuring that those who are most in 
need of treatment are attended to first. Typically, the sys- 
tem monitors both body surface and ambient tempera- 
ture, heart rate, shivering, motion status and body con- 
dition. Additional sensors can be provided to supply in- 
formation on other physiological parameter which may 
be desired for more thorough diagnosis. The physiolog- 
ical information may be stored and kept with the soldier 
to enable improved care as the soldier is moved to high- 
er levels of care. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a system for remote 5 
monitoring of personnel, and especially to a system for 
monitoring the well-being of military personnel on the 
battlefield and during training exercises. As will be ap- 
parent from the accompanying specification, the military 
version of the device can easily be modified for use in to 
. civilian medical care and medical monitoring of person- 
nel working under adverse environmental conditions, 
such as firefighters, seamen, field maintenance person- 
nel, etc. 

During battle there are numerous causes of mortal- is 
ity, both direct and indirect, which, if avoided, would 
spare many lives. These include, but are not limited to:. 

1) fratricide. (deaths from friendly fire); 

2) deaths resulting from extreme environmental 20 
conditions; 

3) deaths of medics and others during attempts to 
rescue those who are already dead or who are mor- 
tally wounded; 

4) delay in locating casualties beyond the short pe- 25 
riod during which treatment most likely will be effec- 
tive; 

5) inadequate data to guide optimum initial evalua- 
tion by medical personnel in the field; 

6) difficulty interpreting the available data in the 30 
stress of battle; 

7) difficulty in maintaining consistent revaluation 
during transport to and through higher levels of 
care; and 

. 8) difficulty during peacetime in acquiring and main-. 35 
taining .combat trauma treatment skills by medical • 
personnel. 

It is believed that if some or all of these problems 
were adequately addressed, a considerable number of *o 
lives could be saved during combat situations. By pro- 
viding accurate information about location and the phys- 
iological status of each individual, as well as communi- 
cations equipment to convey the information to remote 
locations, a system for monitoring personnel could save 45 
many lives. During peacetime, monitoring physiological 
variables and location could be beneficial for people ex- 
posed to hazardous occupational and/or environmental 
conditions, such as law enforcement, firefighters, sail- 
ors, mountaineers and the like. Furthermore, such moh- so 
itors could be extremely valuable for military and law en- 
forcement personnel, such as the special forces, e.g. 
Rangers, who commonly train under extreme weather 
conditions, and in other dangerous environments. By 
monitoring physiological variables, those overseeing ss 
exercises can monitor the soldier, etc., and withdraw 
him/herfrom the exercise if it appears that harm is likely. 

Currently, there are monitors which are used in ath- 



letic training and in hod|^^so as to enable trainers or 
medical personnel to monitor the vital signs of an athlete 
or a hospital patient. See e.g. U.S. Patent Nos. 
5,022,402; 4.909,260; 4,494,553; 4,129,125; and 
3,572,316. Typically, these monitors are placed in wrist 
bands or belts which may be quickly attached to and 
removed from the athlete or patient. However, these 
monitors are generally insufficient for use in combat sit- 
uations. For example, such monitors typically monitor a 
single vital sign, such as heart rate, or temperature. A 
few may monitor combinations of vital signs with limited * 
accuracy or averaged over long periods of time. While 
this information is of some use for athletes, etc., it Is in- 
sufficient for accurate determination of patients or cas- 
ualties in need of immediate medical care or evaluation, 
and those who do not need or will not benefit from im- 
mediate care. 

The monitors which are currently available also 
generally do not provide location information, let alone 
location information which is sufficiently accurate to 
quickly locate an injured person. By providing accurate 
information about the location of combat troops, a sys- 
tem for monitoring personnel prevents casualties due to 
friendly fire, i.e. combat forces accidentally injured by 
their colleagues, and enables medical staff to quickly lo- 
cate and treat casualties. 

Yet another problem with the presently available 
monitors is that they generally offer little, if any, diagnos- 
tic assistance. Rather than indicating that a particular 
physiological state has been reached, the presently 
available monitors typically only provide information 
about heart rate or other vital signs and leave all diag- 
noses and medical decisions to medical personnel who 
may be unavailable or delayed. 

Still other problems with the presently available 
monitors are that they are not configured to withstand 
the rigors of military and other rugged environments; 
their communications configurations are not capable of 
integrating numerous different personnel within the sys- 
tem; and they do not readily adapt to frequent changes 
in the number of persons which are monitored by the 
system. 

Thus there is a need for a monitoring system which 
may be worn by both military and nonmilitary personnel 
to monitor their vital signs and independently determine 
when certain physiological conditions are present which 
"require either corrective non-medical action, such as 
withdrawal from extreme environments, and/or medical 
treatment. Such a system would preferably also provide 
a storage system for creating a medical record and en- 
abling a continuous review of treatment as the injured 
person is passed to different levels of medical care. 
Such a system would further provide geolocation infor- 
mation so as to help prevent casualties from friendly fire, 
and to assist in location of casualties by medical per- 
sonnel. In a civilian system, the geolocation information 
could be used to track the location of firefighters, sea- 
man, and law enforcement officials. 
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The system may also inclu^^neans for transmit- 
ting, interpreting and displaying data at various loca- . ► 
iions. The monitoring system would thus comprise func- 
tional unjts deployed at different operational levels indi- 
vidual units (e.g. soldier status units); leader/medic $ 
units; and command units. All of the units are intercon- 
nected via the communications system, allowing all 
units to operate via the communication system, via a 
network, individually, or in any other combination. 

10 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
system for monitoring personnel which measures se- 
lected physiological variables and geolocation of a per- *5 
son during physical exercise/motion, stores and inter- 
prets this information, and communicates with higher 
echelons of command and medical care. 

It is another object of the present invention to pro- 
vide such a system for monitoring personnel which is 20 
inexpensive and easy to operate. 

It is another object of the invention to provide a sys- 
tem for monitoring personnel which will not interfere with 
other communications equipment of the user. 

it is an additional object of the invention to provide 25 
a system for monitoring personnel which will not be. in- 
terfered with by radio frequency communications, and. 
electromagnetic noise. 

It is yet another object of the present invention to 
provide a system for monitoring personnel which is er- . 30 
gonomically designed so it will not interfere or will min- 
imally interfere with the ability of soldiers or other per- 
sonnel in the performance of their tasks and duties. 

It is yet another object of the invention to provide a 
system for monitoring personnel which can be attached 35 
to a soldier to provide relatively continuous geolocation 
and physiological information about the soldier/user. 

It is still another object of the present invention to 
provide such a monitoring system which will identify 
those who will and will not benefit from immediate treat- *o 
ment. 

It is yet an additional object of the present invention 
to provide such a monitoring system capable of provid- 
ing a history of physiological information about the sol- 
dier to which it is attached for subsequent retrieval, in- 45 
terpretation and, if necessary, medical treatment. 

Still an additional object of the present invention is 
to provide such a monitoring system capable of devel- 
oping data and feedback to assist in or regulate the ad- 
ministration of fluids, medications, and other therapies, so 
e.g. ventilation. 

The above and other objects of the invention are 
realized in specific illustrative embodiments of a system 
tor monitoring personnel which include a plurality of sen- 
sors for developing signals which may be used to deter- 55 
mine the physiological status of military and/or non-mil- 
itary personnel, the sensors being typically disposed in 
an integrated sensor unit. Typically, the integrated sen- 
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sor unit may contain s^^^^to determine both skin sur- 
face and ambient temperature, heart rate, shivering, 
motion status and body position. Additional sensors can 
be provided in the integrated sensor unit or in a separate 
platform to supply information on other physiological 
factors such as oxygen saturation, blood pressure or 
breathing rate which may be desired to provide a more 
thorough diagnosis of an individual. 

The information collected by the integrated sensor 
- unit or other platforms is then forwarded to a personnel 
unit, hereinafter referred to as a soldier unit. Either the 
integrated sensor unit or the soldier unit includes a mi- 
croprocessor and software/firmware which allow the 
soldier unit to monitor the physiological state of the user. 
The soldier unit also includes a communications system 
for transmitting signals representative of the physiolog- 
ical status obtained from the integrated sensor unit and 
geolocation to a leader/medic unit and/or a command 
unit at a remote location(s). The soldier unit may also 
contain a display and a means of sending an alert signal 
by a person wearing the unit, such as an alert button. 
The display can be located at any convenient location 
on the body, such as the wrist, head, arm, etc., and or 
be detachable from the soldier unit 

Once the information received from the integrated 
sensor unit has been processed, it is sent by the soldier 
unit to a remote leader/medic unit and/or a remote com- 
. mand unit. With the physiological information, the com- 
munications module also transmits information which * 
enables geolocation of the military personnel. 

The soldier unit will also typically include software/ 
firmware for determining certain physiological states 
which are common in battlefield conditions, or which are 
particular to the field of use (firefighting, etc.) of the unit. 
When one or more of the critical limits are reached, the 
soldier unit sends a warning signal to the leader/medic 
unit and/or the command unit, thereby indicating that a 
soldier is in need of immediate care. For example, jf the 
temperature sensors of the integrated sensor unit indi- 
cate cold weather and that the soldier's body tempera- 
ture has begun to fall below a specified minimum, the 
soldier status unit will automatically signal the leader/ 
medic unit and the command unit that the soldier is likely 
suffering from hypothermia The leader or medic oper- 
ating the leader/medic unit or a person operating the 
central control unit may then notify other soldiers or 
medical personnel in the area that the soldier should be 
treated for the condition as soon as possible. Similarly, 
a wounded soldier can be monitored for symptoms and 
severity of injury or shock ensuing from blood loss. 

In accordance with one aspect of the invention, 
each soldier unit is customized to the particular wearer. 
Thus, the soldier unit may contain information about the 
individual such as allergies to medications and other 
medical information which would be important to medi- 
cal personnel treating the individual. Additionally, the 
soldier unit may typically keep a short physiological his- 
tory, such as the body temperature, heart rate, body po- 
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siiions, blood pressure, oxygef^pfcralion and move- 
ment for the last four hours or some other time -period, t . 
The information can be forwarded to a field leader/medic 
unit or the command unit upon request. This can be ac- 
complished either by the remote communications sys- $ 
tem of the soldier unit, or by a direct link-up between the 
soldier unit and the leader/medic unit when a medic, et 
cetera, having a leader/medic unit, arrives to treat the 
user. 

In accordance with another aspect of the invention, 10 
the soldier unit or leader/medic unit could include soft- 
ware/firmware for providing guidance and medical de- 
cision support. Additionally, a microprocessor disposed 
therein, or in the soldier unit, could be programmed to 
control fluid infusion, drug delivery, and ventilator sup- is 
port for the patient, thereby enabling efficacious treat- 
ment even under battlefield conditions. 

In accordance with still another aspect of the inven- 
tion, the soldier unit communicates with the leader/ 
medic unit or command unit either continuously or in 20 
brief bursts so as to prevent enemy combat forces from 
tracking the communications to locate the soldier. The 
bursts may occur periodically on schedule, or as indi- . 
cated by the leader/medic control unit or command unit. 

In accordance with a further aspect of the invention, . 25 
the leader/medic unit Is a portable device worn by med- 
ics and other leaders to allow each to monitor those for 
whom they are responsible. The leader/medic unit con- 
tains a communications system for communicating with 
the soldierstatus units and the command units, and con- 30 
tains a display which allows the user to graphically mon- 
itor the locations of personnel on the battlefield, and/or 
to view the physiological conditions of each soldier with- 
in the command structure for that leader. The leader/ 
medic unit receives information as to the location of the 3S 
injured soldier, and receives medical information while 
the medic is relocating to the site of the soldier. When 
used by a medic, this unit enables the medic to view vital 
signs and other information about the injured soldier pri- 
or to actually examining the soldier. Thus, the medic Is 40 
able to conduct an initial evaluation of the injured soldier 
while in transit to Ihe.soldier's location. Additionally, be- 
cause the soldier unit also communicates with the com- 
mand unit, medical personnel at a central command 
post can instruct the medic on diagnosis and treatment 45 
options as the medic is en route to the casualty. 

The command unit comprises a command post 
base unit which is typically integrated with a portable 
computer. The command unit is able to view the loca- 
tions of large groups of soldiers to prevent fratricide sit- ^ 
uations. The command unit also enables the monitoring 
of any individual soldier and provides a more compre- 
hensive physiological condition history to Improve sub- 
sequent treatment. 

By continually monitoring the location and status of ss 
the soldiers, significant decreases in casualty rates can 
be achieved. Additionally, the technology used in the 
present invention can be modified slightly to maintain 



high levels of care in crBBnedical applications while 
significantly decreasing the costs. 

In addition, all units may be equipped with a remov- 
able, nonvolatile memory module which contains rele- 
vant personal records and acquired data. The soldier 
.units could include means to remove/exchange the 
memory modules, whereas other units of the system for 
monitoring personnel have appropriate provisions for 
retrieving information from the memory modules. The 
memory modules, the attachment means and the sen- 
sors are sufficiently rugged for the operational environ- 
ment. Thus, for example, a card having a magnetic strip 
for storing information may be used to download needed 
information. Likewise, a bar code reader may also be 
included for rapid entry of pre-coded information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advan- 
tages of the invention will become apparent from a con- 
sideration of the following detailed description present- 
ed in connection with the accompanying drawings in 
which: 

FIG. 1 is a perspective view of a soldier having an 
integrated sensor unit attached about his chest and 
a soldier unit disposed within a jacket in accordance 
with principles of the present invention; 
FIG. 2 is a function block diagram of the integrated 
sensor unit and the sensors contained therein; 
FIG. 3 is a perspective view of a wrist sensor/display 
unit which may be used as part of the soldier unit; 
FIG, 4 is a perspective view of a vest/harness con- 
figured for holding the soldier status unit; 
FIG. 4A is a function block diagram of the interactive 
arrangement between the integrated sensor unit, 
the wrist sensor/display unit and the soldier unit; 
FIG. 5 is a perspective view of a leader/medic unit 
for use by leaders and medics to locate and com- 
municate with the soldier units of the present inven- 
tion; 

FIG. 5A is a function block diagram of the leader/ 
medic unit of FIG. 5; 

FIG. 6 is a perspective view of a command unit of 
the present invention for locating and communicat- 
ing with the soldier status units and leader/medic; 
FIG. 6A is a function block diagram of the command 
unit shown in FIG. 6; 

FIG. 7 is a perspective view of the system for mon- 
itoring personnel of the present invention, including 
numerous different forms of communication relays; 
FIG. 7A is a function block diagram of the commu- 
nication relays, etc. shown in FIG. 7; and 
FIG. 8 is a perspective view of a sensor probe which 
may be used with the system for remote monitoring 
of personnel to monitor battlefield conditions. 
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Reference will now be made to the drawings in 
which the various elements of the present invention will 
be given numerical designations and in which the inven- s 
tion will be discussed so as to enable one skilled in the 
art to make and use the invention. Referring to FIG. 1, 
thereis shown 

a soldier, generally indicated at 10, with an integrated 
sensor unit, generally indicated at 14, and a wrist sen- 10 
sor/display unit 18 disposed thereon. The integrated 
sensor unit 14 utilizes a strap which wraps about the 
soldier's body immediately below the pectoral muscles, 
and preferably extends over one of the soldier's shoul- 
ders. The strap 20 is made from a flexible material which is 
may be worn comfortably for extended periods of time. 
The use of the elastomeric material sold as SANTO- 
PRENE has been found to work well under a wide range 
of conditions, and thus is believed to be a preferred ma- 
terial. However, those skilled in the art will appreciate ' 20 
numerous other materials which may be used. Addition- 
ally, further research in polymer technology will likely 
yield additional materials which are particularly suited 
for such an application. 

Disposed in the strap 20 of the integrated, sensor 25 
unit 14 are a plurality of sensors, identified in FIG. 1 at 
22, 24, 26 and 30. While shown in FIG. 1 to have a di- 
ameter equal to or greater than the strap 20, the sensors 
22, 24, 26 and 30 are typically much smaller, are for the 
most part embedded in the strap, and would not be vis- 30 
ible except upon closer examination of the strap 20. 

In the embodiment discussed with respect to FIG. 
1 , the sensors 22, 24, 26 and 30 of the integrated sensor 
unit 1 4 include sensors for determining th e ambient tem- 
perature (i.e. the temperature under the soldier's cloth- 35 
ing, the soldier's body surface temperature, the soldier's 
heart rate, the soldier's breathing rate, the soldier's po- 
sition (i.e. whether standing or in a prone position), mo- 
tion status (i.e. walking or stationary), and whether the 
soldier is shivering. Additionally, sensors may be includ- 40 
ed (e.g. blood pressure, breathing rate and oxygen sat- 
uration) to determine if. the soldier is perspiring, or to 
delect other physiological data about the soldier. All of 
the sensors may be contained within the integrated sen- 
sor unit 14. Alternatively, some may use other platforms 45 
on the body, such as an attachment mechanism to the 
ear or neck, or disposed in the wrist band 32 of the wrist 
sensor/display unit 18. 

On the wrist of the soldier 10, there is shown the 
wrist sensor/display unit 18. While sensors may be in- so 
eluded as mentioned above, the wrist sensor/display 
unit 18 is used primarily for viewing information regard- 
ing the time and the geolocation of the soldier 10. The 
wrist sensor/display unit 18 communicates with an ex- 
ecutive controller which is discussed below. : 55 

Physiological data is conveyed from the integrated 
sensor unit 14, and wrist sensor/display unit 18 (if so 
used) to an executive controller of a soldier unit, gener- 



ally indicated at 50, whi^^pjisposed within a harness 
56, such as a vest or jacket, of the uniform 58 worn by 
the soldier 10. Preferably, the harness 56 is part of the 
conventional load carrying equipment of the soldier. 

The soldier unit 50 contained within the harness 56 
is responsive to the integrated sensor unit 14 and wrist 
sensor/display unit 16 in that it receives sensor data and 
communicates the data to a remote monitoring unit, 
such as the leader/medic unit and/or the command unit 
which are discussed in detail below. 

The soldier unit 50 is disposed in the uniform 58 to 
keep it from interfering with the soldier's normal duties. 
While the soldier unit 50 adds a small amount of weight 
(i.e. approximately 5 pounds) to the uniform 58, the add- 
ed functionality of the system more than compensates 
for the weight. Preferably the soldier unit 50 is disposed 
in such a way that the soldier will barely notice its pres- 
ence and his/her performance will not be impaired. 

The soldier unit 50 includes an antenna 60 for send- 
ing and receiving data from remote locations. Typically, 
the information will be sent at defined intervals so .that 
a remote monitoring unit, such as a leader/medic unit or 
a command unit, (both discussed below), can keep track 
of the physiological status and geolocation of each sol- 
dier. Each of these systems, however, also typically in- 
cludes a communications mechanism for causing the 
soldier unit 50 to provide the information on demand. 
Thus, for example, if the sensors in the integrated sen- 
sor unit 14 indicate a threat of hypothermia, the leader/ 
medic unit or the command unit may instruct the soldier 
unit 50 to provide more frequent information about the 
physiological status of the soldier until the situation is 
rectified. 

To assist in subsequent treatment situations, the 
soldier unit 50 can have a data storage device which 
keeps a data record of physiological information for 
some given length of time, e.g. the last 4 hours. This 
time period may be fixed or selectable, e.g. mission de- 
pendent. Typically, a flash memory card or some other 
small, compact storage mechanism would be used to 
store the Information. In the alternative, the leader/ 
medic unit discussed below may be provided with suffi- 
cient data storage capacity to record such data for all of 
the soldier units 50 with which it communicates. 

Also disposed in the uniform is a global positioning 
system, generally indicated at 70. The global positioning 
system 70 is used for geolocation of the solider 10. By 
being able to continually monitor the position of the sol- 
dier 10, the leader/medic control and the command unit 
can be used to rapidly find casualties - thus decreasing 
delay in the treatment of injuries - and can avoid situa- 
tions in which soldiers are fired upon by their own troops. 
By knowing the location of each soldier with specificity, 
the central command center can give instructions to oth- 
er military units as to how to avoid "friendly fire". 

The global positioning system 70 communicates 
with the leader/medic unit and with the command unit 
through a communication system, which uses a radio 



5 



ilc^^p 



EP 0 846 440 A2 



10 



and a second antenna 74 whid^Ppically disposed on 
the shoulder of the soldier's uniform 58. The radio pref- * . 
erably uses brief bursts of data to prevent enemies from 
accurately tracking the soldier by monitoring the data 
transmissions. Tnose familiar with radio communica- 5 
tions will be able to identity protocols which will assist in 
preventing the signals from being used by enemy forc- 
es. 

As mentioned above, the antennas 60 and 74 are 
preferably mounted on or in the shoulders of the sol- io 
dier*s uniform 5S. To prevent them from being damaged 
and/or interfering with the soldier's duties, the antennas 
preferably have a low profile. In addition to not interfer- 
ing with the soldier's duties, a low profile antenna will 
generally suffer from less interference by the soldier's 16 
body than will larger antennas. However, other configu- 
rations assuring good propagation/reception of signals 
and minimizing interference by the soldier's body are al- 
so acceptable. 

Referring now to FIG. 2, there is shown a diagram 20 
of the integrated sensor unit 14. and the sensors con- 
tained therein. This is an example of possible implemen- 
tation of the integrated sensor unit functionality and it 
should be appreciated that other embodiments may be 
used within the scope of the invention. Beginning at the 25 
lower left of the diagram, there is shown a first sensor, 
generally indicated at 22. The sensor 22 includes at 
least one accelerometer or acceleration switch 100, the 
information from which is passed through three filters, 
indicated at 1 04, 1 06 and 112. The first filter 1 04 is used 30 
to determine if the soldier is shivering. The frequency 
range over which the sensor 22 is monitored is typically 
between 8 and 12 Hz, and frequency analysis is used 
to determine if shivering occurs beyond some threshold 
level. For example, the soldier can be monitored to de- as 
termine if any shivering occurs for longer than 3 seconds 
within any given minute interval. By monitoring the shiv- 
ering of the soldier and frequency thereof, the soldier 
unit or other units can determine the threat of hypother- 
mia. 40 

The second filter 108 is a motion filter which deter- 
mines if the soldier is moving or standing still and will 
typically monitor a range of 0.1 Hz to 5 Hz. By monitoring 
the motion status of the soldier, In addition to other phys- 
iological data, significant information can be achieved 45 
about the health of the soldier. For example, a consist- 
ently high heart and breathing rate in a soldier who has 
not moved for an extended period of time could indicate 
an undesirable physiological condition indicative of in- 
jury or illness, so 

The third filter 112 is used to determine the body 
position of the soldier. Thus, a remote leader/medic unit 
or command unit can determine if the soldier is standing 
or in a prone position. In the alternative, a separate sen- 
sor may be used in which a small conductive ball or a ss 
sphere of mercury is placed in a spherical cavity. A plu- 
rality of wire pairs are disposed to extend into the cavity. 
As the ball or sphere rolls within the cavity, it contacts 



the wire pairs and thei^^Kdicaies position. Such de- 
vices are commercially available and have been favo- 
rably evaluated. 

The information generated by the accelerometer 
100 and filters 104, 108 and 112, or by other sensors 
serving similar functions, is passed through a controller 
116 and then through a transmission/interface 120 
which communicates through a driver 1 24 with a master 
controller or processor 128 where it is processed and 
forwarded to the soldier status unit. Additionally, the 
master controller or processor 1 28 may be used to indi- 
cate signals which are indicative of physiological factors 
not failing within acceptable ranges. . 

Disposed adjacent to sensor 22 is sensor 24, The 
sensor 24 includes at least two and preferably three 
ECG electrodes 132. The electrodes 1 32 are preferably 
made from. a conductive elastomeric material, such as 
conductive SANTOPRENE, and provided with horizon- 
tal ribs. Of course, other electrodes such as silver-silver 
chloride electrodes could also be used. 

The electrodes are preferably dry and rely on body 
moisture/oil for conduction. Signals received by the 
ECG electrodes 132 are passed through an amplifier 
136, an R-wave trigger and a controller 140 and then an 
ECG interface 144 which communicates with the master 
controller/processor 128 through the driver 124, 

A pair of temperature sensors, 26 and 30, are also 
provided. The sensors include a skin temperature sen- 
sor 26 and an ambient (under the clothing) temperature 
sensor 30. Both of the sensors 26 and 30 will typically 
be thermistors with the sensor 26 being disposed on the 
inside of the strap 20 and sensor 30 being disposed on 
the outside of the strap. A measurement bridge 158 is 
used to compare the information received by the two 
sensors 26 and 30. Over a prolonged period of time, the 
information received can be used to determine the risk 
of hypothermia or hyperthermia, in addition to cases in 
which the hypothermic or hyperthermic state has al- 
ready begun. The measurement bridge 158 communi- 
cates with the driver of the master controller/processor 
128 through an interface 162. . 

To facilitate communications between the integrat- 
ed sensor unit 14 and the soldier unit 50, a local area 
network or body-LAN 168 is provided. The body-LAN 
168 includes an antenna which transmits information re- 
ceived through a transmission device 174 via the inter- 
face 178. While wires could be used to facilitate com- 
munication between the integrated sensor unit 14 and 
the soldier unit 50, most soldiers object to the use of 
wires because they must pass through the clothing and 
because of the risk that the wire might interfere with mo- 
bility under battlefield conditions. 

To power the respective sensors, body-LAN 168 
and the master controller 1 28, a battery 1 84 and a power 
control 188 are also provided. Typically, the master con- 
troller 128 will be programmed to draw power from the 
battery during predetermined periods only to prolong 
battery life. For example, the sensors may be powered 
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for 2 seconds of every minule, tflWy allowing updating 
of 'physiological data with little consumption* of power. If 1 • 
the feedback provided by the sensors indicates that * 
there is a threat to the health of the soldier, the leader/ 
medic unit or the command unit can remotely instruct 5 
the integrated sensor unit 14 to provide more frequent 
monitoring and reporting of the soldier's physiological 
data and status. 

Referring now to FIG. 3, there is shown a perspec- 
tive view of the wrist sensor/display unit 1B shown in 10 
FIG. 1. The wrist sensor/display unit 18 includes a body 
200 with a display screen 204 contained therein. Typi- 
cally the display screen 204 will be an LCD screen, al- 
though other types of displays may be used. The display 
screen 204 is used to display information regarding time is 
and geolocation, and could even be used to communi- 
cate instructions to a soldier regarding his physiological 
status, or the position or physiological status of other 
. soldiers. A pair of control buttons 208 and 212 are pro- 
vided to enable the soldier to chose what information is 20 
displayed, and to control the LCD illumination when nec- 
essary. 

The wrist sensor/display unit 1 B is held in place with 
a band 216. If desired, sensors 220 and 222 can be dis- 
posed in the band 21 6 and integrated with the Integrated 2s 
sensor unit 14 (FIGs. 1 and 2). Typically, sensor 220 will 
be a noninvasive blood pressure monitoring sensor, and 
sensor 222 will be a sensor for determining oxygen sat- 
uration. Other sensors may also be provided for deter- 
mining environmental variables. 30 

If sensors are provided, the wrist sensor/display unit 
18 will also include a communications mechanism 224 
for communicating with the integrated sensor unit 14, or 
with the soldier unit 50, and a controller 226 for process- 
ing the information obtained by the sensors 220 and 35 
222, and for operating the display 204. Additionally, a . 
controller 228 may be provided for operating medical 
equipment, such as a microinf usion pump or a small res- 
pirator. 

FIG. 4 is a perspective view of a harness in the form 40 
of a vest configured for holding the soldier unit 50. The 
vest, generally indicated at 250, is configured for use as 
conventional load carrying equipment similar to those 
currently used by military personnel. The vest 250 has 
a first pocket 260 which is configured to receive a radio *s 
264 and a battery pack 268. The radio 264 is connected 
to the antenna 60 for wireless communications. 

Disposed in a second pocket 270 in the vest 250 is 
a second battery pack 272 and the soldier unit 50. The 
soldier unit 50 communicates with the integrated sensor so 
unit 14 (FIGs. 1 and 2) via the body-LAN 168 (FIG. 2). 
The global positioning system 70 can be disposed with 
the executive controller of the soldier unit 50, or in the 
pocket 260 with the radio 264. Of course, the global po- 
sitioning system 70 can be formed as an integral part of 55 
the soldier unit 50 if desired. 

Regardless of whether the global positioning sys- 
tem 70 and the soldier status unit 50 are formed inte- 




grally with one another^^^ the units are provided an 
identification number which allows the leader/medic unit 
to identify which soldier unit 50 is sending the informa- 
tion. The identification number will also typically be 
placed on the integrated sensor unit so that the three 
components form an integrated system for monitoring 
personnel. 

The identification numbers should also be printed 
on or otherwise attached to the respective components 
of the system for monitoring personnel to facilitate iden- 
tification by the person to which it has been assigned. 
Preferably, no two soldier status units will ever receive 
the same identification number, thereby preventing the 
situation in which the leader/medic unit or the command 
unit confuses the data obtained from two or more soldier 
units 50. 

As shown in FIG. 4, the soldier unit 50 also includes 
a medical device driver interface 260. The interface 280 
allows the soldier status unit 50 to control a micromed- 
ica( device 290 such as an I V volume replacement pump 
or a drug delivery pump. Examples of such pumps are 
disclosed in U.S. Patent Application 08/157,693 and re- 
lated applications for a Volumetric Pump, which is ex- 
pressly incorporated herein. 

When a soldier is injured, the interface 280 allows 
the soldier unit 50 to control a small medical device in 
accordance with a protocol downloaded from a leader/ 
medic unit to the soldier unit. Thus, a medic can set up 
an IV or drug delivery apparatus for a soldier and then 
leave to attend to other casualties. The soldier unit 50 
ensures the proper amount of IV solution or drug is ad- 
ministered without the need for constant checking by the 
medic. The information received by the soldier status 
unit 50 from the integrated sensor unit 14 (FIGs. 1 and 
2) via body-LAN transmission can be used to modify the 
medical device to obtain more efficacious treatment. Ad- 
ditionally, the information with respect to the volume of 
IV solution or amount of the drug which has been infused 
can be relayed to the leader/medic unit or the command 
unit for verification and recording for subsequent use by 
medical personnel. 

In the alternative, the medical device 290 could be 
a small ventilator used to ensure that the soldier is re- 
ceiving enough oxygen. Information regarding breath- 
ing rates, etc., can be relayed by the soldier status unit 
50 to the leader/medic unit and/or the command unit, 
and the ventilator may be remotely controlled to respond 
to changing physiological conditions. 

Disposing the soldier status unit 50, global position- 
ing system 70, the radio 264 and the battery packs 26B . 
and 272 in the vest 250 is advantageous because it 
causes no interference or minimal interference to the 
soldier. The vest 250 is used in place of and fulfills all 
other functions of the standard load carrying equipment 
harnesses commonly worn by soldiers in combat, while 
simultaneously containing the soldier unit 50 and all of 
its components, e.g. the global positioning system 70. 

Referring to FIG. 4A, there is shown af unction block 
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diagram of the integrated sensSj^ft 14, the wrist sen- 
sor/display unit 18, and the soldier unit 50. * • • 

The sensor array of the integrated sensor unit 14 is 
substantially the same as set torth in FIG. 2, except that 
a breathing rate sensor 296 has been added As will be 5 
appreciated, as sensor technology improves and facili- 
tates the use of smaller, less energy consumptive sen- 
sors, the number of sensors which may be practically 
included in the integrated sensor unit can be increased. 
Such sensors could also be modularly connected to ei- 10 
ther the integrated sensor unit 1 4 or to the wrist sensor/ 
display unit 18 such that sensors could be added when 
needed, and then removed to enable the use of still oth- 
er sensors. 

The wrist sensor/display unit 18 shown in FIG. 4A is 
contains all of the same elements described above, ex- 
cept that the power management/battery combination 
298 is shown, and the communications mechanism 224 
is shown in additional detail. 

The communications mechanism 224 forms part of the 20 
body local area network 168. By providing for a wireless 
body-LAN 168, the integrated sensor unit 14 and the 
wrist sensor/display unit 18 are able to communicate 
with the soldier unit 50 without interfering with the ability 
of the soldier to perform his/her duties. Because the re- 25 
spective components are so small, they provide minimal 
interference to the soldier, while simultaneously reduc- - 
ing the risk of death or serious injury. 

While both the integrated sensor unit 14 and the 
wrist sensor/display unit 18 communicate through the 30 
body-LAN 168, the involvement of the communications 
are different. Because the integrated sensor unit 1 4 sim- 
ply senses physiological status and generates signals 
indicative of the same, the integrated sensor unit will typ- 
ically only send signals to the soldier unit 50. [n contrast, 35 
because the wrist sensor/dispJay unit 18 displays infor- 
mation regarding position and can include a controller 
228 for controlling other medical equipment such as a . 
microinfusion pump or a ventilator, it is important for the 
wrist sensor/display unit to be able to both send signals *o 
to and receive signals from the soldier unit 50. Thus, the 
communications mechanism 224 of wrist sensor/display - 
unit 18 has both a transmitter and receiver. 

In addition to all of the sensors vyhich may be con- 
tained in the integrated sensor unit 1 4 and the wrist sen- 4S 
sor/display unit 18, the soldier unit 50 can include a plu- • 
rality of additional sensors for providing information to 
the leader/medic unit and/or the command unit. For ex- 
ample, in FIG. 4A, the soldier unit 50 includes a relative 
humidity sensor 300, and an environmental temperature so 
sensor 302. As sensor technology improves, sensors 
304 will be added for detecting chemical and biological 
warfare agents, and other sensors 306 as may be de- 
veloped in the future. An input mechanism, such as a 
medical card reader 30B is also provided to download ss 
necessary information. 

The information from the sensors is processed in 
the controller 310 which accesses data storage 312, in- 
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etudes software or fiml^^Vwith medical diagnosis al- 
gorithms 314, and communications protocols 316 to 
store relevant information, to communicate needed in- 
formation to the leader/medical units and command 
units. When the signals conveyed indicate problem sit- 
uations, help may be dispatched, the controller may pro- 
duce an audible or other alarm, and/or instructions may 
be sent to the soldier's display 204 on the wrist sensor/ 
display unit 18. 

Referring now to FIGs. 5 and 5A there is shown the 
components of a leader/medic unit 320. The unit in- 
cludes a radio transceiver 322 which is connected to an 
antenna 324 to enable the leader/medic unit 320 to com- 
municate with a communications network of other lead- 
er/medic units, soldier units and the command units dis- 
cussed below. The communications system allows for 
the transfer of data packets between system units. The 
radio transceiver 322 also allows for the downloading of 
software and the reporting of current software in the 
leader/medic unit 320. A second antenna 328 is provid- 
ed to facilitate communications by the global positioning 
system 70 which is integrated in the leader/medic unit. 

The leader/medic unit 320 is controlled by a micro- 
computer or similar controller 330. The micro-computer 
330 includes an externally accessible port 334 which 
can be used to download software or other information 
to the micro-computer and communicates directly with 
the micro-computer by hardwire. As shown in FIG. 5A, 
the port 334 is used to read medical cards having a mag- 
netic data strip.. A bar code reader 336 or other similar 
device may also be used for entering precoded informa- 
tion. ' 

Also disposed on the. leader/medic unit 320 is an 
identification number 342 which corresponds with an 
identification number programmed into the electronics 
to provide a remote device assurance that the proper 
unit has been contacted. As with the identification num- 
bers of the soldier units, it is preferable that no two iden- 
tification numbers ever be the same. 

The global positioning system 70 mentioned above . 
is integrated with the leader/medic unit 320 so that it may 
be controlled by the micro-computer. Preferably, the mi- 
cro-computer 330 controls the on/off mechanism to the 
global positioning system 70 to decrease power con- 
sumption. A battery 346 supplies the power to both the 
global positioning system 70 and the micro-computer 
330. The battery 346 may be disposable, or a recharging 
adapter 348 may be provided. To maximize battery life 
between changes or recharges, both hardware and soft- 
ware power control measures are used. 

Also stored in a memory unit 349 of the micro-com- 
puter of the leader/medic unit 320 is software/firmware 
which can be used to provide basic diagnosis of medical 
conditions. The leader/medic unit 320 preferably stores 
a minimum of four hours of history data in the memory 
unit 349 and sounds an audible alarm or generates 
some other message 351 in the event that one or more 
defined thresholds are exceeded. 
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The micro-computer 330 oWfe leader/medic unit 
320 collects information 1rom all of the soldier linrfs 50 
which are assigned to it. To ensure that the leader or 
medic is properly monitored, each leader or medic will 
typically wear a soldier unit in addition to carrying a lead- s 
er/medic unit 320. 

As is shown in FIG. 5, the leader/medic unit 320 is 
configured for operation by one hand. The leader/medic 
unit 320 includes a housing 354 which is small enough 
to be comfortably held in one hand. A keyboard 358 is 1P 
provided to enable the leader/medic to input informa- 
tion, and to control what information is displayed on the 
LCD display 338. The unit leader may use the display 
33B to monitor the position of soldiers in a particular unit, 
while the medic may use the display screen initially to 16 
locate an injured soldier, and then to monitor physiolog- • 
ical data received from the integrated sensor unit of a 
soldier status unit 50. 

When a soldier is trained to be a member of the spe- 
cial forces (i.e. Airborne Rangers, Seals, etc.), he is sub- 20 
jected to extreme environmental conditions. For exam- 
ple, if the tasks require prolonged submerging in cold 
water, hypothermia can quickly set in and place the sol- • 
dier's life al risk. If the leader/medic unit 320 indicates 
that the cold, heat, exertion, etc. to which the soldier is 25 
being subjected is too much for the soldier to physiolog- 
ically handle, the commander can remove the soldier 
from the situation. In such a manner the physical stam- 
ina of the prospective combatants can be properly eval- 
uated while providing a mechanism for terminating the 30 
test before the soldier's health is adversely affected. 

In cases involving casualties, there is often a short 
period of time, commonly referred to as the "golden 
hour", during which treatment can significantly decrease 
the risk of death or permanent disability. By helping the 35 
medic to locate the wounded soldier and to diagnose 
the soldier's injuries, a considerable amount of time is 
saved, and significantly more soldiers can be treated 
within that "golden hour " 

For the medic, the Jeader/medic unit 320 provides 40 
a significant improvement in triage ability. When a sol- 
dier has been wounded the medic can use the small, 
hand-held leader/medic unit 320 to first determine the 
casualty's location. The medic then uses the leader/ 
medic unit 320 to determine if the casualty is alive or 45 
dead. Those familiar with combat will appreciate that 
many lives are lost in combat attempting to treat or re- 
trieve soldiers who are already dead. By determining the 
status of the soldier in advance, additional lives may be 
saved by having the medic focus on those who are best so 
able to benefit from immediate treatment. 

If the casualty is alive, but not reachable, the medic 
may contact other troops, who are closer to the casualty, 
or may request air support to pick up the wounded sol- 
dier. If the wounded soldier is near enough to the medic, 55 
the medic uses the display screen 338 of the leader/ 
medic unit 320 both to navigate and to conduct an eh 
route examination as to the soldier's condition. 




To ensure an accurSWPragnosis, constant updating 
of the physiological information is necessary. Thus, the 
leader/medic unit 320 can instruct an individual soldier 
unit 50 to send information about the physiological sta- 
tus of the soldier to whom it is attached. The information 
appears on the display screen 338 of the. leader/medic 
unit 320 and allows the medic to know the important 
physiological information about the casualty before the 
soldier is reached. By the time the medic reaches the 
soldier, he may have a preliminary course of treatment 
determined, and may have already communicated with 
a central command post to arrange transport of the sol- 
dier if necessary. 

Preferably the display screen 338 used by the 
medic or by a leader is large enough to show a map of 
a particular area so that the position of each soldier 
whose soldier unit is assigned to the hand-held unit may 
be displayed. In the event that a soldier is wounded, suf- 
fering from hypothermia, etc., the screen provides an 
indication to the medic or leader that help is needed by 
that soldier. The user of the leader/medic unit 320 may 
then use the keyboard 358 to select from the available 
information, or to input information when necessary. For 
example, a medic may input information into the leader/ 
medic unit 320 regarding care given to a soldier. The 
information may then be conveyed to a command unit 
and/or to the soldier unit 50 of the soldier from where it 
may be accessed as the soldier is moved to higher lev- 
els of care. In the alternative, each soldier may have a 
card or other device with a data storage medium for re- 
cording such information. 

The identification numbers for a group of soldier 
units 50 are also loaded onto the micro-computer 330, 
thereby assigning a selected leader/medic unit 320 to 
the soldier units entered. Preferably the system includes 
a storage medium, such as a hard drive, flash memory 
card, etc., for storing history data collected from the as- 
signed soldier units. If necessary, the information can 
be accessed during treatment of any given soldier. 

Referring now specifically to FIG. 5A, the micro- 
computer 330 can also operate several other devices. 
As electronics continue to be reduced in size and require 
less energy, the additional sensors 372, such as chem- 
ical and biological warfare sensors 374 can be added to 
the leader/medic unit 320. Additionally, other types of 
information gathering equipment, such as a video cam- 
era, may also be included. Such a feature will be espe- 
cially beneficial to medics who will be able to transmit 
images of wounds, etc., for additional input from medical 
personnel at a central command center. To facilitate . 
transmission of the information, the micro-computer 330 
includes circuitry for image compression. 

An additional feature of the leader/medic unit 320 
is that of trending. Rather than merely monitoring the 
physiological data regarding an individual, the micro- 
computer 330 analyzes and follows trends in the data. 
Thus, for example, while breathing rate or blood pres- 
sure will typically be high for a couple of minutes after a 
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solider has performed some pR^Bally strenuous task, 
a 'consistently increasing breathing rate or blood pres- ' 
sure while the soldier is not moving may indicate an un- 
desirable physiological state and indicates a need to 
contact or otherwise monitor the soldier. 5 

Referring now to FIGs. 6 and 6A, there are shown 
a perspective view and a function block diagram of a 
command unit 400 which is used to locate and commu- 
nicate with both the leader/medic units 320 and soldier 
units 50 of the present invention. The unit 400 includes 10 
a processor 404 which is connected with a communica- 
tions means 406. The communications means 406 will 
preferably be a transceiver disposed within the com- 
mand unit 400, but may be an external receiver or other 
device. 15 
. The command unit 400 has a display screen 408 
. which enables a user to track the movement of multiple 
forces. The user will typically choose an area which he 
or she desires to monitor, and the processor 404 will use 
the communications means to signal the individual sol- 20 
dier units 50 and the leader/medic units 320 to deter- 
mine and indicate their location on the display screen 
408. The signals received by the processor 404 from the 
soldier units 50 and the leader/medic units 320 are then 
displayed on the display screen 408 in a user friendly 25 
manner, e.g. icons, so that the user of the command unit 
can view the position of the each soldier with respect to 
others in the area The user may thus determine the lo- . 
cation ol all soldiers having a soldier status .unit at any 
location. By monitoring the location of troops and their 30 
targets, persons operating the command unit 400 can 
prevent friendly forces from firing on each other and 
more efficiently direct troop movements on the battle- 
field. ■• 

In addition to monitoring the location of each soldier, 35 
the command unit 400 enables those at a central com- 
mand site to monitor the physiological status of each sol- . 
dier represented by an icon. Thus, for example, an icon 
may flash if the physiological information received from 
a particular soldier unit is not within desirable ranges. 40 
To look at any soldier's physiological status in detail, the 
user can switch to another level of display by, e.g., se- 
lecting the soldier's icon, and the display screen will then 
provide the desired information about the soldier Input 
to the processor 404 is typically done by either a key- 45 
board 410 or a mouse (not shown). * 

The command unit 400 will also typically include a. 
data storage device 412, such as "hard drive* which is 
sufficiently large to maintain physiological and geoloca- 
tion data for each soldier for a prolonged period of time, so 
e.g. 48 hours. If the information becomes relevant for 
treatment, it can be quickly accessed by either the com- 
mand unit 400 or the leader/medic unit 320. A larger, 
long-term data storage device 416 can be used to peri- 
odically store data from the storage device 41 2. The da- 55 
ta on the long term storage device 41 6 may be used for 
training purposes or for analysis lo determine additional 
methods for decreasing casualties during battle and/or 




optimizing the safety oUpPTing exercises. 

In addition to having all of the abilities contained in 
the leader/medic units 320, the command unit 400 can 
record all of the historical data received from the soldier 
units, and can send text or image-based messages back 
to the leader/medic units 320, or the individual troops 
via the display 204 on the wrist sensor/display units 18. 
Thus, the command unit 400 can send messages to the 
display screen 204 on the wrist sensor/display unit 18. 
to communicate with soldiers with whom audible com- 
munications are unadvisable, such as soldiers caught 
behind enemy lines. 

To ensure that none of the devices may be used 
against the soldiers if captured by the enemy, each de- 
vice may contain a self-disabling means, such as soft- 
ware which requires the entry of a password or some 
other code. If the wrong password is entered for more 
than one attempt, the device will automatically disable 
itself. While disablement will not be critical for soldier 
units, it is important that leader/medic control units and 
command units not be usable by an enemy to track the 
position of the soldiers which are monitored by. those 
units. 

The processor 404 of the command unit 400 can 
perform trending 418 as discussed above, and has ac- 
cess to medical decision algorithms 420, geographical 
mapping information 424, roster lists 428, and other di- 
agnostic software 432. When video input 434 is provid- 
ed, the processor 404 will also include access to decom- 
pression software 435 for viewing on the display 408 or 
on peripheral devices. 

To assist in the downloading of information into the 
processor 404, data import ports such as a bar code 
reader 440, a medical card reader 444, or other types 
of data transfer mechanisms can also be provided. 

Power to the unit is supplied by rechargeable bat- 
teries 450, and power management software may be 
provided to maximize battery life while providing ade- 
quate power for each of the functions discussed above. 

To further promote the sharing of information re- 
ceived, the command unit 400 may also include a con- 
ventional network interface 480 for communicating with 
other command units, or with computers which are oth- 
erwise not connected to the system. 

Referring now to FIG. 7, there is shown a perspec- 
tive view of the system for monitoring the status of per- 
sonnel of the present invention, including numerous dif- 
ferent forms of communication relays. When soldiers 
500 are using the soldier units, numerous different com- 
munications mechanisms should be provided to ensure . 
proper communication between the soldier units 50, the 
leader/medic units 320 and command unit(s) 400. Be- 
cause soldiers are constantly changing location and 
moving across varying terrain, the system for remotely 
monitoring personnel status can include satellites 510 
and aircraft 520 as relays to assist in communications 
between the individual soldiers and the command struc- 
ture. The use of several different communications media 
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allqws for continued communicaflSfeven when the po- 
sition of the soldier(s) changes in such a manner as to 
interfere with communications through a single source. 

Referring now to FIG. 7A, there is shown a function 
block diagram of the present invention. The system s 
shown includes a plurality of integrated sensor units 14. 
Each integrated sensor unit 14 communicates with a 
soldier unit 50 to which the integrated sensor unit is as- 
signed. Communication between the sensor units 50 
and the leader/medic units 320 is usually sent through io 
a relay 530, which may be a satellite 510 (FIG. 7). an 
airplane 520 (FIG. 7) or some stationary structure. The 
relay 530 also assists in communications between the 
command unit 400 and the soldier units 50 and leader/ 
medic units 320. The relay is controlled by a master 540 is 
which communicates with one or more slaves to receive 
signals regarding the physiological status of soldiers 
and the location. These structures. may be part of the 
communications means 406 of the command unit 400, 
or may be housed in a separate apparatus, with the sig- 20 
nals being sent to the command unit 400 by UHF or 
some other type of signal. Those skilled in the art will 
recognize numerous different mechanisms for accom- 
plishing such communications in light ot the present dis- 
closure. 25 

Referring now to FIG. 8, there is shown yet another 
aspect of the present invention. A sensor probe, gener- 
ally indicated at 600, is used for conducting remote sur- 
veillance and for remote monitoring of an area, regard- 
less of whether any soldiers, are present. The sensor 30 
probe 600 includes a small housing 610 which will typ- 
ically be small enough to be held with a single hand. 
Disposed in the housing are a plurality of sensors 620. 
The sensors will be disposed to monitor a wide variety 
of environmental and other factors. For example, an ac- ?s 
celerometer may be used to detect, the presence of 
heavy artillery in the area. Chemical and biological war- 
fare agent sensors are used to detect the presence of 
such agents and to allow for rapid warning to the sol- 
diers. One or more camera lenses may be provided as *o 
"sensors" to provide optical images. of the area being 
monitored. Microphones 640 may be provided to pro- 
vide the ability to remotely monitor sound about the sen- 
. sor probe 600. Additional sensors can include heat and 
infrared sensors, temperature sensors, and motion sen- 
sors. 

. While the sensor probe will typically have a battery 
644 and a micro-computer 650 which controls the sen- 
sors and regulates power consumption, a plurality of so- 
lar conversion panels 654 may be used to supplement so 
the power supply and extend the length of the battery. 

The sensor probe 600 communicates with the re- 
mainder of the system via a transceiver 660 which is 
connected to the micro-computer 650 and to an antenna 
664. When information is desired by a command unit, 55 
the micro-computer 650 activates the appropriate sen- 
sors) and relays the desired information. 

In such a manner, the command unit 400 can mon- 
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itor such conditions as t^^nperature, the amount of 
artillery which is impacting an area, the presence of 
chemical or biological warfare agents, and any other 
needed information for which the sensor probe 600 has 
been configured. The sensor probe 600 may used for 
additional safety - i.e., to act as an additional sentry dur- 
ing the night to prevent surprise enemy attack. Likewise, 
the sensor probes 600 can be placed by scouting sol- 
diers to monitor an area into which the main units are 
advancing. Furthermore,. the sensor probes could be 
dropped into areas controlled by the enemy to provide 
additional information of enemy movements, etc. 

Numerous modifications can be made to the 
present invention without departing from the scope or 
spirit of the same. For example, an individual status unit 
could be made smaller and provided to residents of 
long-term care facilities. The size of the device could be 
reduced because it need not be as durable as the mili- 
tary version, and would require a much smaller range . 
for radio communications. Rather than requiring nurses 
to track down patients to take their vital signs, the sys- 
tem for remotely monitoring personnel status of the 
present invention would enable nurses to determine the 
patients' location, as well as their vital signs. If the infor- 
mation received indicated a problem, the location of the 
patient could be readily determined. Thus, a smaller 
number of nurses could be used while providing a higher 
level of care. 

Thus there is disclosed a system for remotely mon- 
itoring personnel status which significantly improves the 
chance of survival for injured soldiers. Those skilled in 
the art will recognize numerous modifications which can 
be made without departing from the scope or spirit of 
the present invention. The appended claims are intend- 
ed to cover such modifications. 



Claims 

1 . Wearable apparatus for monitoring physiological 
parameters of a person comprising: 

support means (20, 32) for wearing by a person 
on one or more body parts; 
sensor means (1 4, 22, 24, 26, 30) disposed on 
the support means for measuring multiple 
physiological parameters of the person; 
means (50) responsive to the sensor means for 
transmitting to a remote location data indicating 
.values of each of the multiple physiological pa- . 
rameters measured. 

2. The wearable apparatus of claim 1, wherein the 
support means comprises a strap mountable about 
the person's body. 

3. The wearable apparatus of claim 1 or 2, wherein 
the sensor means comprises modular sensor 
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4. The wearable apparatus of any of claims 1 to 3, 
wherein the means for transmitting comprises a re- 
ceiving/sending means for receiving data indicating 
the values of the multiple physiological parameters 
detected by the sensor means, and for communi- 
cating said data to remote locations. 
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a portable, re^^^noniloring unit comprising: 
communications means for receiving data 
transrnitted by the means tor transmitting; and 
display means for displaying data representa- 
' tive of the values of the at least one physiolog- 
ical parameter detected by the sensor means, 
and for displaying indicia representing the ge- 
olocation of the person. 



5. The wearable apparatus of claim 4, wherein said 
receiving/sending means comprises a wireless lo- 
cal area network for receiving data from the sensor 
means. 

6. The wearable apparatus of claim 5, wherein the 
means for transmitting further comprises data stor- 
age means for recording said data received from 
the sensor means. 

7. The wearable apparatus of claim 6, wherein said 
receiving/sending means further comprises access 
means for enabling access to information recorded 
in the data storage means from a remote location. 

8. The wearable apparatus of claim 1, wherein the 
means for transmitting further comprises processor 
means for evaluating values received from the sen- 
sor means with acceptable physiological.ranges for 
each value received by the processor means. 

9. The wearable apparatus of claim B, further com- 
prising alarm means for generating a human per- 
ceptible signal when the values received from the 
sensor means are not within acceptable-physiolog- 
ical ranges. 

1 0. The wearable apparatus of any preceding claim, 
wherein the apparatus further comprises global po- 
sitioning means for determining the location of the 
person. 

11. The wearable apparatus of claim 10, wherein 
the apparatus further comprises display means for 
displaying indicia representing the location of the 
person. 

12. The wearable apparatus of any preceding claim, 
wherein the apparatus further comprises a harness 
having a plurality of pocket means, the means for 
transmitting being disposed in at least one pocket, 
and at least one antenna means disposed on the 
harness and in communication with the means for 
transmitting. 

13. A personnel status monitoring system compris- 
ing the wearable apparatus of claim 1 0, and further 
comprising: 
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14. The personnel status monitoring system of 
claim 1 3, wherein the communication means further 
comprises means for controlling the means for 
transmitting to control sending of the data supplied 
by the means responsive to the sensor means. 

14. The personnel status monitoring system of 
claim 1 3, wherein the remote monitoring unit further 
comprises a data storage mechanism having a plu- 
rality of acceptable ranges for physiological values 
stored therein, and processor means for comparing 
the data received from the means responsive to the 
sensors with the,acceptable ranges stored in the 
data storage mechanism. 

15. A personnel status monitoring system for mon- 
itoring a person, the system comprising: 

a monitoring unit including: 
integrated sensor means configured for- wear- 
ing by a person, the sensor means comprising 
a temperature sensor, a heart rate sensor and 
a motion sensor for generating signals indica- 
tive of the person's physiological condition; 
processor means disposed in communication 
with the integrated sensor means for process- 
ing signals from the integrated sensor means 
and for developing data therefrom; 
. radio communication means disposed in com- 
munication with the processor means for con- 
veying the data developed by the processor 
means to a remote location; and 
global positioning means for indicating the lo- 
cation of the person wearingthe integrated sen- 
sor means; and 

remote monitoring means for receiving the data 
conveyed by the radio communications means 
of the monitoring unit. 

16. The personnel status monitoring system of 
claim 15, wherein the personnel status monitor fur- . 
ther comprises display means wearable by the per- 
son for displaying indicia indicating geolocation to 
the person, the display means comprising a display 
screen. . 

17. The personnel status monitoring system of 
claim 1 5 or 1 6, wherein the processor means further 
comprises means configured for controlling an ex- 
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temal medical device for deWFy of medical treat- 
ment to the person when such an external medical 
device is disposed in communication with the proc- 
essor means. 

18. The personnel status monitoring system of any 
of claims 15 to 17, wherein the remote monitoring 
means comprises: a mobile leader/medic unit in- 
cluding: 



70 



leader/medic communications means for re- 
ceiving data from the radio communications 
means of the monitoring unit; and 
display means for displaying indicia represent- 
. ing data received from the monitoring unit. 15 

19. The personnel status monitoring system of 
claim 15, wherein the remote monitoring means 
comprises: a command unit including: 

20 

central command communications means for 
receiving data' from the radio communications 
means of the monitoring unit; and 
display means for displaying data received 
from, the monitoring unit. 25 

20. The personnel status monitoring system of 
claim 19, wherein the system further comprises 
probe means for analysing a remote area, the probe 
means comprising: so 

. a housing; 
a plurality of sensor means disposed within said 
housing for sensing environmental conditions 
of the remote area and for generating data in- 35 
dicative of the environmental conditions; and 
communications means for communicating the 
data to the command unit. 
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21. A system for monitoring personnel comprising: 
at least one soldier unit for wearing by a soldier in- 
cluding: 



sensor means having a plurality of sensors f or 
measuring a plurality of physiological parame- 4S 
ters and generating signals indicative of the 
physiological parameters sensed; 
a processor means programmed for analysing 
the signals and comparing the physiological pa- 
rameters Indicated by the signals to a predeter- so 
mined range of acceptable physiological pa- 
rameters; 

first wireless communication means for con- 
veying the signals from the sensor means to the 
processor means; 55 
global positioning means for determining the 
position of the soldier wearing the soldier unit; 
and 
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second wirelei^^^municalions means dis- 
posed in communication with the processor 
means for conveying signals indicative of the 
physiological parameters and the position of 
the soldier to a remote leader/medic unit and/ 
or a remote command unit; 
at least one leader/medic unit for use by a lead- 
er or medic including: 

communications means for receiving signals 
from the second communications means of the 
soldier unit indicative of physiological parame- 
ters 'and position of the soldier; 
display means for selectively displaying visual 
indicia representing of the physiological param- 
eters and the position of the soldier, and input 
means for selectively controlling whether the 
display means displays visual indicia repre- 
senting of physiological parameters or position; 
and 

at least one command unit for communicating 
with both the at least one soldier unit and the 
at least one leader/medic unit, the command 
unit including: 

command communication means for communi- 
cating with the communication means of the 
leader/medic unit and the second communica- 
tions means of the soldier unit; 
command processor means disposed in com- 
munication with the command communications 
means for processing signals received from the 
leader/medic unit and/or the soldier unit, and 
for providing an alarm signal when one or more 
of the signals indicates that a physiological pa- 
rameter monitored by the soldier unit does not 
fall within the predetermined acceptable range 
of physiological parameters; and 
display means for displaying indicia represent- 
ing of the physiological parameters and/or po- 
sition of the soldier unit 

22. The system according to claim 21 , wherein the 
sensor means comprises an integrated sensor unit 
wearable about a soldier's torso, the integrated sen- 
sor unit comprising at least one heart rate sensor, 
at least one temperature sensor, and at least one 
sensor for monitoring movement of the soldier. 

23. The system according to claim 21 , wherein the 
sensor unit comprises a band wearable about the 
wrist of the soldier, and wherein the sensor means 
comprises an oxygen saturation sensor and a blood 
pressure sensor. 

24. The system according to claim 23, wherein the 
soldier unit further comprises controller means con- 
figured for operating a medical device. 

25. The system according to claim 24, wherein the 
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conlroller means is respons^io the signals indic- 
ative of the physiological parameters so as 1 to 1 ena- 1 * 
ble adjustment of the operation of the medical de- 
vice responsive to changes in the physiological pa- 
rameters. 5 

26. The system according to claim 21 , wherein the 
soldier unit further comprises display means for dis- 
playing indicia representing the position of a soldier 
unit. " ™ 

27. The system according to claim 21 , wherein the 
processor means includes medical diagnostic soft- 
ware/firmware for identifying signals indicative of 
undesirable physiological parameters. is 
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(54) System for remote monitoring of personnel 

(57) . A system for remotely monitoring personnel 
status includes a plurality of sensors (22, 24, 26, 30) 
disposable on a soldier or other person for developing 
signals which may be used to determine the physiolog- 
ical status. The sensors communicate with a soldier unit 
(50) which can process the information to ensure that 
the sensor data falls within acceptable ranges and com- 
municate with remote monitors. The soldier unit also in- 
cludes a global positioning system (70). By using the 
sensor data and the global positioning system, leaders 
and medics can quickly and accurately track and treat 



casualties in battle. The system enables more rapid lo- 
cation of the casualty, as well as remote triage/initial di- 
agnosis, thereby assuring that those who are most in 
need of treatment are attended to first Typically, the sys- 
tem monitors both body surface and ambient tempera- 
ture, heart rate, shivering, motion status and body con- 
dition. Additional sensors can be provided to supply in- 
formation on other physiological parameter which may 
be desired for more thorough diagnosis. The physiolog- 
ical.information may be stored and kept with the soldier 
to enable improved care as the soldier is moved to high- 
er levels of care. 
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